Background: HIV prevalence trends in Tanzania differ between socioeconomic groups. While HIV prevalence was initially higher among those with higher levels of educational attainment, it has fallen fastest among these groups. Among those with lower levels of education HIV prevalence has been stable. The behavioural dynamics underlying this phenomenon remain unclear, and a theory to guide interpretation of these trends and enable predictions of future patterns has not emerged. Methods: We analysed data from two large nationally representative surveys conducted in Tanzania 
Background
In sub-Saharan Africa, HIV prevalence trends differ between individuals with different socioeconomic backgrounds [1] . HIV infections were concentrated among those with higher levels of education or wealth in sub-Saharan Africa before 1996 in many countries [2] . It therefore seems that during the 1980s and 1990s, in the absence of widespread health promotion, prevailing sexual behaviour patterns led to more rapid spread of infection among the relatively wealthy, more mobile and more educated within African countries.
However, over time, prevalent infections are increasingly concentrating among those of lower education. In a systematic review published in 2008, including more than 200,000 individuals from 11 countries between 1987 and 2003, HIV infections appeared ''to be shifting towards higher prevalence among the least educated in sub-Saharan Africa, reversing previous patterns'' [1] . In Tanzania, studies in the 1990s suggested a higher prevalence of HIV among the more educated [3, 4] . In a rural population in Tanzania, the association between educational attainment and HIV prevalence reversed between 1991 and 2005. In 1991, secondary education was associated with a higher risk of HIV infection compared with those with no formal education (odds ratio 4.5), whereas in 2005 it was associated with a lower risk (odds ratio 0.4) [5] . Subsequently, we (JH and LH) have reported on data from two large nationally representative surveys conducted in 2003/2004 and 2007/2008 in Tanzania, and showed that over this relatively short time period, HIV prevalence was stable among those with no formal education, whereas it had fallen quite steeply among those with secondary education [6] . While this trend was not statistically significant in any population subgroup, the same patterns were noted among the younger groups aged 15 to 24 years in whom prevalence trends are thought to be most indicative of incidence patterns linked to sexual behaviour. Among these young people, comparing HIV prevalence in 2007/8 with that in 2003/4 the point estimate odds ratios suggested stable or even increasing prevalence among those with no education (adjusted odds ratios aOR of 1.29 males and 1.50 in females, respectively), and falling prevalence among those having attended primary education (aORs: 0.41 males, 0.74 females) or secondary education, particularly among males (aORs: 0.18 males, 0.85 females).
While there is relatively strong empirical evidence for a changing association over time between indicators of relative socioeconomic position and prevalent HIV infection in subSaharan African countries, the behavioural patterns that underlie these trends remain poorly understood. Sexual behaviour is influenced by an individual's sex, age and marital status; their perception of cultural and religious norms; and social and economic factors. Consequently patterns of sexual behaviour vary across different geographical regions and over time [7] . Sexual behaviour can also be influenced by health promotion. In countries with severe HIV epidemics, health promotion efforts provide information about the health implications of sexual activity and its link to risk of HIV infection, attempt to influence social norms around sexual behaviours and have made technologies such as male condoms more accessible. A key focus has been encouraging young people to delay their first sexual experience (''abstain''), have only one sexual partner (''be faithful'') and use condoms (''condomise''). There is evidence from wealthy countries and, more recently, from sub-Saharan Africa that these efforts have been at least partly successful in reducing the HIV infection rates [8] .
We analysed sexual behaviour patterns among young people with different levels of educational attainment in Tanzania. We established whether sexual behaviour characteristics were associated with educational attainment using data from each of the 2003/2004 and 2007/2008 national surveys. Finally we sought to establish whether the association between educational attainment and sexual behaviour was changing over time by fitting interaction terms between educational attainment and time period in our regression models in a manner similar to our previous paper on prevalent HIV infection using the same datasets [6] .
Methods
We analysed data from two national cross-sectional surveys conducted in Tanzania in 2003/4 and 2007/8, which were available from www.measuredhs.com. These surveys used two-stage sampling to identify nationally representative samples of adults aged 15 to 49 years. Our analysis in this paper is focused on 15-to 24-year-olds. Both surveys achieved high response rates [9] . We restricted our analysis to individuals for whom full data were available on a small set of variables relevant to our purpose (sex, age, urban/rural residence, educational attainment, household asset-wealth, date of interview, prevalent HIV infection and a number of characteristics of sexual behaviour described in more detail below). All of our analyses used the ''survey'' commands in Stata v. 11 to reflect the sampling strategy and ensure that our results would be representative of the national population structure.
Data were collected on whether each participant had ever previously had sex during their life and, among those who reported ever sexual activity: age at first sex, the total number of sexual partners in the last year and condom use at last sex with non-spousal partners occurring during the last year.
We approached the questions using two data analysis strategies described below and applied to a pooled data set. We stratified all our analyses by sex. In line with our previous work we considered three categories of educational attainment: no education, primary education and secondary education or higher.
First, we used data on age of first sex, date of birth and date of interview to analyse progression to first sex for two time periods. We used survival analysis to describe the incidence of first sex, which can be used as a population-level measure of the beginning of exposure to STIs [10, 11] . This analysis was restricted to respondents aged between 19 and 22 years in each survey in order to describe the experience of those mostly likely to have had their first sex in the years immediately before each survey. Using the survival commands in Stata we estimated the total person years and the median age at first sex for each education group by sex and survey. We fitted crude and adjusted Cox regression models to compare the effect of education on progression to first sex adjusting for current age, for each survey by sex. Adjusted models included covariates for household wealth and urban/ rural residence. We fitted further Cox regression models for each sex for both surveys combined and included a term for interaction between education and year of survey to formally assess whether the association between educational attainment and rate of first sex was changing over time.
Our second data analysis strategy concentrated on the year prior to interview and measures for individuals aged 15 to 24 years at time of interview who reported having ever been sexually active. We considered two outcomes coded as binary responses (no/yes). These measures were whether in the last year respondents had had more than one sexual partner and whether they had not used a condom at last sex with a non-cohabiting partner (''unprotected last sex'') among those who reported having had such a partner. We conducted separate logistic regression analyses for the outcomes adjusting for age, urban/rural residence and asset wealth. Again we assessed whether there was an association between educational attainment and each characteristic in 2003/2004 and in 2007/2008 (reporting odds ratios and Wald-test p-values), and whether there was evidence for interaction between education and survey year. We report the results for each characteristic of sexual behaviour in separate tables (Tables 2Á4), and additionally report the key terms from the final models with an interaction term in a separate table (Table 5) .
Results
The total number of individuals included in the analysis in 2003/4 was 4710 and in 2007/8 it was 6691 (Table 1) 
Rate of first sex (Tables 2 and 5)
In the 2003/2004 survey, there was little evidence that educational attainment was associated with age at first sex among males (adjusted hazard ratio comparing secondary to primary education 0.88). In the 2007/2008 survey, there was evidence that higher educational attainment was associated with later first sex (hazard ratio comparing secondary to primary education 0.53, 95% CI 0.40 to 0.70). The association between education and age at first sex in males changed between these surveys, and this is supported by the small pvalue for the interaction term in the Cox regression model (interaction p 00.04, Table 5 ).
Among females, compared to those with primary education, women with no education had sex at a younger age, and women with secondary education were older at first sex. There was relatively weak evidence that this association changed between the surveys (p-value for interaction term 0.17). Women were on average younger at first sex and showed a larger differential by educational status than men.
Multiple partners (Tables 3 and 5 Females with primary or secondary education were less likely to report more than one sexual partner in the last year than those with no education in 2003/4 (e.g. aOR for secondary versus no education 0.28, 95% CI 0.10 to 0.80).
By 2007/2008 there was slightly less evidence of association between education and reporting more than one partner in the last month (e.g. aOR for secondary versus no education 0.46, 95% CI 0.16 to 1.28). The limited change over time in ffl This is the Wald-test p-value for the education*time period interaction term in the pooled model. See Table 5 for more detail of changes over time in behaviour by educational strata. association between education and more than one sexual partner among females (p-value for interaction 0 0.36) primarily arose because of a decrease in the proportion of females with no or primary education reporting this behaviour.
Unprotected last sex (Tables 4 and 5)
Among men reporting a non-cohabiting partner there was strong evidence that men with primary or secondary education were less likely to report unprotected last sex with these partners compared to those with no education in both 2003/2004 and 2007/2008 (aORs comparing secondary with no education 0.18, 95% CI 0.09 to 0.36 and 0.42, 95% CI 0.21 to 0.82). Over time there was a fall in reported unprotected last sex among those with no education, while this had increased among those with secondary education. Consequently, there was strong evidence that the magnitude of this relationship was decreasing over time (interaction p B0.001). The pattern among women was similar to that among men. In 2003/2004 among women with a non-cohabiting partner in the previous year, those with primary or secondary education were less likely to report non-condom use at last sex (aOR comparing secondary with no education 0.14, 95% CI 0.06 to 0.34). By 2007/2008, while this pattern was seen in an unadjusted analysis, this relationship was no longer present after further adjustment for age, urban/rural location and wealth tertile (aOR 0.51, 95% CI 0.23 to 1.15). Among women, there was strong evidence for a weakening in the association between education and unprotected sex over time (interaction p B0.001).
Discussion
We have previously described how HIV prevalence among adults in Tanzania [6] . Here, we sought to examine the patterns and trends in characteristics of sexual behaviour that might explain the shifting socioeconomic distribution of HIV prevalence over time, focusing on young people since this is the population subgroup in which prevalence trends are most likely to represent incidence patterns. Sexual behaviour patterns generally followed a pattern of ''less risk'' (or at least, behaviour patterns more in line with core HIV prevention messages) in more educated groups, or had no association with education. There was almost no evidence of more risky characteristics in the more educated groups. This strengthens the evidence that since 2000 new infections have been concentrating among the least educated. Our second interest was in changes over time in the association between educational attainment and behavioural risk factors: the data we present here suggest that the gap in risky behaviours between more and less educated was increasing (males) or stable (females) over time for age at first sex, stable for multiple partners and may be closing for unprotected last sex (Table 5) .
Our research had a number of limitations. There are of course multiple characteristics of sexual behaviour relevant to HIV transmission that we have not reported on here, such as frequency of sex, age-mixing, participation in most-at-risk groups such as female sex workers, marriage and within- ffl This is the Wald-test p-value for the education*time period interaction term in the pooled model. See Table 5 for more detail of changes over time in behaviour by educational strata.
marriage behaviours. We were also missing data, allowing us to investigate in more detail the many potential pathways through which education may be associated with HIV risk [12] . It is also not possible for us to eliminate the possibility that some behavioural patterns over time reported here arise because of changing composition of educational groups that have occurred as access to education has expanded as opposed to changes in behavioural tendency. Sexual behaviour characteristics are also notoriously subject to potential reporting biases including social desirability bias, with the potential for differential misreport at different time points and among different socioeconomic groups. The specific potential effects of such biases on the findings reported here are difficult to predict. The small sample sizes in some strata meant that interaction tests for change in behaviour by survey year had low power. We were also not able to track incident HIV infections, the primary outcome of interest. Finally, while a major strength was that we used data from two surveys, even this approach provided data on only one time period (2000 to 2008). These limitations require significant care in further interpretation, and ongoing monitoring of this phenomenon is warranted before strong conclusions can be drawn. In addition, robust theories will be required to provide a framework to aid interpretation of emerging data. To contribute to this second component, in the remainder of this discussion we will outline how the emerging data on prevalent HIV infections in Tanzania, to some extent complemented by the analysis of sexual behaviour presented here, perhaps fit with the pattern that would be predicted by the ''inverse equity hypothesis'' [13, 14] . The hypothesis, originally described in relation to child health in Brazil, is a variant of the better known Tudor-Hart's ''inverse care law'' [13] , which describes the phenomenon that health needs are often inversely associated with the quality and accessibility of health care services. The inverse equity hypothesis suggests that the introduction of health interventions will tend to benefit those of the highest socioeconomic position first, only later benefiting those in lower socioeconomic groups.
The hypothesis has been applied to a diverse range of health questions. For example, in Western Australia, there was a significant time-lag in the diffusion of a range of coronary procedures recommended following myocardial infarction to those of lower socioeconomic position [15] . In Southern Brazil, poor areas were the slowest to adopt water fluoridation [16] . Applied to HIV prevalence, the inverse equity hypothesis would suggest that the roll-out of HIV prevention messages and technologies would be first taken up by higher socio-economic groups, and thus that risky behaviours and incidence rates would start to decrease in these groups before lower socioeconomic groups. Although little data on sexual behaviour are available from earlier in the epidemic, in the 1980s to 1990s prevailing sexual risk patterns must have been higher in higher socioeconomic groups because these groups had the highest levels of HIV prevalence in early studies. Which aspects of sexual behaviour drove this association is unclear, although it seems likely that condom use was low in all sections of society. Efforts to scale-up HIV prevention activities in sub-Saharan Africa grew during the 1990s and were catalysed in particular in the early 2000s, especially following the Durban 2000 World AIDS conference and the United Nations General Assembly Special Session on HIV/AIDS in 2001. Under the inverse equity hypothesis, we might expect this shift in the scale of health promotion activities to have led to faster adoption of safe-sexual behaviour characteristics (such as delaying first sex, only having one partner and using condoms) by those of higher socioeconomic position. Data on HIV prevalence seem to suggest this pattern, although there have previously been few attempts to explore the phenomenon more directly in relation to risk behaviours. Our analysis focused on time trends a few years after 1996: our retrospective analysis of rates of first sex includes data from just after 1 January 2000, but the majority of the changes we Tables 2Á4. explore are between the years preceding the 2003/2004 and  2007/2008 surveys. As we have described, over this time period the educational gap in rate of first sex was either stable or perhaps widening, the gap in multiple partnerships was also stable, while condom use appeared to be catching up in the least educated. Different aspects of sexual behaviour may themselves change differently over time and in respect to educational attainment. This is an interesting observation that warrants further research to unpick the dynamics in more settings and over a broader time period, and to assess whether this can be considered in line with or contradictory to the hypothesis. The picture remains incomplete. Nevertheless, we suggest that currently available evidence on the social epidemiology of HIV prevalence in sub-Saharan Africa (closing educational differences in prevalence demonstrated in several studies, and mostly stable or reducing educational difference in risky sexual behaviours over the time period shown in this study) seem broadly consistent with the inverse equity hypothesis. Further research could apply this lens when describing trends in HIV prevalence and behaviour among different socioeconomic groups and thus strengthen or weaken support for this.
It seems unlikely that any single piece of work will allow a definitive conclusion to be drawn about whether the inverse equity hypothesis can be said to apply in relation to the emerging characteristics of the HIV epidemic. This is because much relevant data have simply not been collected, and because the (quasi-)experimental conditions that would allow strong conclusions to be drawn have not been present over the roll-out of HIV prevention activities across the region, and for a variety of other reasons. However, further research could strengthen or undermine support for the hypothesis. First, mathematical models can be used to explore the incidence, mortality and behavioural patterns underlying HIV prevalence trends. Adapting existing models to incorporate markers of socioeconomic stratification is feasible and would be highly instructive. It would allow more comprehensive linking of reported sexual behaviour and HIV prevalence trends, estimates of incidence and predictions about the future course of the epidemic to be made. Second, pooled analysis of data from HIV prevention trials to assess whether there is evidence of differential effect of interventions by socioeconomic status would be useful. Third, a growing number of countries over the next few years will have serial, nationally representative HIV prevalence surveys available. Many also have data on some aspects of sexual behaviour going back to the 1990s. There is much work to do on this body of data to strengthen or challenge the inverse equity hypothesis across multiple settings.
